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THE EFFECT OF AGE ON THE CHEMISTRY OF INFLAMMATION*
J. C. bUCK, PH.D. AND R. A. JACOB
Recent work by Doberauer (1) has suggested
that histochemically the character of the healing
of experimental wounds was different in the aged
as opposed to the young rat. We have reported
that wounds in an old animal contained more
cells, more blood vessels and the eschars were
firmer and better organized than wounds and
eschars from the young rat (2).
Chemically, we have found (2) that the con-
nective tissue (skin) of the aged animal, as com-
pared with the young rat, was refractory to
physiological doses of cortisol. Since cortisol and
"stress" have an effect on the chemistry of in-
flammation (3), we compared the chemistry of
croton oil produced necrotic wounds in the aged
(over 450 gm body weight or over 2 years old)
rat with that found in the young animal (250 gm).
The results of this study are presented below.
MATERIALS AND METHODS
Two groups of 36 male Sprague-Dawley rats
each, one group weighing about 250—270 gm, the
other weighing about 470—550 gm were employed
in the study. All animals received 0.5 ml of 50%
croton oil in peanut oil intradermally into a previ-
ously shaven area of abdominal skin. At 0, 4, 10, 15
and 25 days after injury, groups of six rats each
from both age groups were sacrificed, the injured
dermal tissue removed and dissected free of ad-
hering fat, fascia and muscle. Aliquots of the
tissue from each rat were hydrolyzed for 8J4 hours
at 100°C in 10 mi/gm of 4N HC1. The remaining
wound tissues from each group of six animals
were pooled to represent one day of sacrifice for
each age group and were lyophilized for the gravi-
metric determination of free tissue water content.
After these pooled tissues were reconstituted over-
night in the cold in an equal volume of water,
they were sequentially extracted with 0.15 M
NaC1, 0.5 M NaC1 and 0.5 M citrate buffer (pH
3.6) as has been described previously (4, 5). These
extractions have been demonstrated previously
to solubilize the "ground substance", neutral
and acid soluble collagens respectively (4, 5).
Aliquots of these extracts were also hydrolyzed
Supported in part by grants A-3862 and A-4066,
N.I.A.M.D., N.I.H, Bethesda, Md.
* From the Biochemical Research Laboratory,
Children's Hospital, Washington 9, D.C. and the
Department of Biochemistry, Georgetown Uni-
versity Medical School, Washington 7, D.C.
Received for publication May 28, 1963.
377
in 4N HC1 as described above. The remaining
unhydrolyzed extracts were analyzed for their
fucose (6) and sialic acid (7) contents; these com-
pounds are two of the major carbohydrates found
in glycoproteins (8). The hydrolysates described
above were analyzed for their hexosamine (9)
hydroxyproline (10) and nitrogen (11) contents.
Subtraction of the sum of the soluble components
from the appropriate total value permits the cal-
culation of the composition of the insoluble
portion of the tissues to be made (4, 11). A similar
extraction and analysis of the uninjured skin
distal to the site of local injury was also per-
formed. The results of these analyses were cal-
culated as the mean of each determination in
pmoles/gm fresh wound tissue, and means which
differed by more than two standard deviations
were found to be significantly different (p. <
.05)
RESULTh
Since one gimole of hydroxyproline is equiva-
lent to one mg of collagen (12) the results of the
hydroxyproline analysis were expressed in terms
of mg of collagen per gm of fresh wound tissue.
These results were also calculated as mg of
wound collagen per mmole of total nitrogen.
These results, together with the water contents
of the wounds at various days after injury, are
shown in Table I for both age groups of animals.
The data presented in this table indicates that
although wounds from the young animals con-
tained little increased tissue water, the wounds
from the aged rats contained markedly increased
amounts of water. Further, the proportional loss
of collagen from the wounds of the young animals,
on either a per gm or per mmole of nitrogen
basis, was not found in wounds from the aged
animals. Although the wounds from the aged
animal lost as much collagen as did the wounds
from the younger rats this loss was propor-
tionately less for the wounds from the aged rats
than for wounds from the young animals. With
advanced age, then, croton-oil produced dermal
wounds contained more water and more collagen
than did similar wounds from younger animals.
Since one mg of collagen is known to contain
13.3 imoles of nitrogen (12), the amount of col-
lagenous nitrogen in these tissues may be cal-
culated. The difference between this value and
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the total tissue nitrogen in the non-collagenous
nitrogen. Evidence has been presented previously
to suggest that most of this non-collagenous
nitrogen is due to non-collagenous protein (5,
12, 13, 14) and assuming that like most proteins
this material contains about 16% nitrogen, the
mg of non-collagenous protein in the wounds
may be calculated. The concentrations of both
non-collagenous protein and hexosamine found
in the wounds from both groups of animals at
various days after injury is shown in Table II.
These data show that the essentially parallel
increases in the wound concentration of both
hexosamine and non-collagenous protein ap-
TABLE I
The water and collagen content in mg/gm of wounds
from young and aged animals at various
days after injury
Daysafter
Injury
Young Aged
1120 Colla-gen
Coll/
Nf 1120
Colla-
gen
Coll/Nt
0 550 240 45 500 310 56
4 600 75* 13* 700* 110* 33*
10 575 85* 13* 700* 106* 33*
15 560 78* 14* 660* 147* 43*
23 560 150* 28* 600 212 41)
* Significantly different from day 0 (p < .05).
Italicized means significantly different from
young (p < .05).
t Coll/N = mg of collagen per mmole of total
dermal nitrogen.
TABLE II
The non-collagenous protein and hexosamine
content of wounds from young and aged animals
at various days after injury
Days after
Injury
Young Aged
Protein Hexos-
aminef Protein
Hexos-
aininet
0
4
10
15
23
150
305*
334*
354J*
240*
9.5
27.8*
30.0*
34.8*
10.8
123
158*
150*
150*
128
9.3
14*
13*
9.7
9.3
* Significantly different from day 0 (p < .05).
Italicized means significantly different from
young (p < .05).
f moles of hexosamine per gm of wound.
TABLE III
The isotonic saline soluble hexosamine and nitrogen
content of wounds from young and aged
animals at various days after injury
Young Aged
Days after
Injury Hexos-
aminef Nitrogen
Hexos-
aminef Nitrogen
0 4.0 0.8 2.8 0.36
4 22.4* 2.8* 4.4* 0.61*
10 25.8* 3.2* 59* 0.79*
15 31.0* 3.6* 2.8 0.46
23 4.8 1.0 3.0 0.41
* Significantly different from day 0 (p < .05).
Italicized means significantly different from
young (p < .05).
f moles of hexosamine/gm of wound.
mmoles of nitrogen/gm of wound.
propriate to the young animal were not observed
in wounds from aged rats.
The amounts of isotonic saline soluble hexosa-
mine and nitrogen found at various periods of
time after injury in the wounds of the aged
animals are compared with those found in the
wounds from the younger rats in Table III. These
results indicate that most of the increased
amounts of hexosamine found in the wound
were soluble in isotonic saline. Since the hy-
droxyproline content of this fraction was found
to be small, the increased concentration of ni-
trogen in this fraction was presumed to be non-
collagenous in nature. Further, since over 70%
of this nitrogen was found to be insoluble in hot
trichloracetic acid, most of the nitrogen was due
to protein. Therefore the bulk of the increased
amounts of non-collagenous protein found in
these wounds was soluble in isotonic saline, and
its concentration with time after injury essen-
tially paralleled that of the hexosamine soluble
in this solvent.
With advanced age, the amount of isotonic
saline soluble hexosamine and nitrogen found in
the wound was considerably less than that
found in the wound from the younger rat.
The concentrations of fucose and bound sialic
acid (sialate) found in this fraction at various
times after injury for both groups of wounds
are shown in Table IV. Although there was a
marked increase in the amount of isotonic saline
soluble fucose found in wounds from young
animals, there was no significant increase in the
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sialic acid content of this fraction with time
after injury. These results are in remarkable
contrast with those found for the wounds in the
aged animals. These wounds demonstrated little
significant increase in isotonic saline soluble
fucose concentration and a marked increase in
the sialic acid content of this fraction.
The amounts of salt or citrate soluble col-
lagen in the wounds from both groups of animals
were not found to change significantly from that
of the normal uninjured skin with time after
injury. The insoluble concentrations of hexosa-
mine and co]lagen in the residue left from these
TABLE IV
The isotonic saline soluble fucose and bound sialic
acid conen in imotes per gm of wound tissue
from young and aged animals a various days
after injury
Days after
Injury
Young Aged
Fucose Sialate Fucose Sialate
0
4
10
15
23
2.6
12.0*
20.4*
21.2*
3.0
0.25
0.28
0.31
0.27
0.30
3.0
5.0*
6.1*
3.0
3.0
0.23
1.60*
0.5*
0.27
0.23
* Significantly different from day 0 (p < 0.5).
Italicized means significantly different from
young (p < .05).
TABLE V
The insoluble hexosamine and collagen conen of
wounds from young and aged animals a
various days after injury
Days after
injury
Young Aged
Hexf Co11agen Hext Co11agen
0
4
10
15
23
0.6
0.0*
0.2*
0.2*
0.6
39
14*
93*
9.0*
20*
0.11
1.78*
i.ir
0.27*
0.14
57
31*
29*
41*
46
* Significantly different from day 0 (p < .05).
Italicized means significantly different from
young (p < .05).
t moles of hexosamine per mmole of total
dermal nitrogen.
mg of collagen per mmole of total dermal
nitrogen.
TABLE VI
The 0.50M NaC1 soluble O.5M cirae buffer (pH
3.6) soluble and insoluble collagen coiUen in mg
per gm of uninjured skin distal o the site of local
wounding in young and aged animals a various
days after injury
Days
after
Injury
Young Aged
NaCI Citrate Insol-uble NaCI Citrate Insol-uble
0
4
10
15
23
20
12*
15*
12*
95*
8.0
12.6*
12.6*
16.8*
8.4
200
139*
120*
150*
144*
1.5
10.2
10.2
10.8
11.0
1.7
4.*
14.4*
3.8*1j
293
304
311
494
p479
* Significantly different from day 0 (p < .05).
Italicized means significantly different from
young (p < .05).
extraction procedures is shown for the various
days after injury in Table V. Wounds from young
animals contained slightly reduced amounts of
insoluble hexosamine and markedly reduced
amounts of insoluble collagen. Wounds from the
aged animals contained increa.ed amounts of
insoluble hexosamine and only modestly reduced
amounts of insoluble collagen, however. The
wounds from the aged animals contained more
insoluble hexosamine and collagen than did the
wounds from the younger animals. The amounts
of insoluble nitrogen found in these wounds were
appropriate to the amounts of collagen contained
in the insoluble residues of these wounds.
The effect of local injury upon the concentra-
tions of salt soluble, citrate soluble and insoluble
collagens in the uninjured skin distal to the site
of wounding is shown in Table VI for both
groups of animals. As has been described previ-
ously, the uninjured skin from young animals
demonstrated with local injury the usual loss of
both salt soluble and insoluble collagens from
the dermis and the usual accumu]ation of citrate
soluble collagen within the dermis (5, 12, 13).
The uninjured skin from the aged animals demon-
strated no significant loss of either salt soluble
or insoluble collagen concentrations and demon-
strated only a very modest increase in the dermal
concentration of citrate soluble collagen.
DIsCUssION
Wounds from aged animals contained more
water, presumably resulting from edema, than
380 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
those obtained from younger animals. This
finding appears consistent with the histochemical
studies of Doberauer (1) of wounds from old
rats. Similarly the finding of an increased amount
of collagen in the wound from the aged animal
would appear reasonable in the light of Dober-
auer's observation that the eschar from the aged
rat is more organized and better developed than
that of the young animal (1). A comparison of
the loss of dermal collagen from the wounded
area in young versus old rats indicate that this
loss was not associated with the dilution of wound
contents during the fluid shifts involved in edema.
The amounts of both hexosamine and non-
collagenous protein found in the necrotic wounds
from the young animals were considerably
greater than those found in wounds from the
aged animals. This finding suggests that the
accumulation of these materials within the ne-
crotic wound was not associated with the contam-
ination of the wound with serum proteins,
etc. during the fluid shifts involved in edema.
The parallel increases in the concentration of
isotonic saline soluble hexosamine and non-
collagenous protein with time after injury have
been shown to be associated histochemically
with an increased amount of glycoprotein stain-
ing material and a disappearance of acid muco-
polysaccharide staining material within the lesion
(14). Therefore the increased amounts of fucose,
hexosamine and non-collagenous protein has been
explained on the basis of the accumulation of
glycoprotein within the wound (5, 12, 14).
The accumulation of glycoproteins within the
wounds from the young animals was obviously
greater than that found in similar wounds from
the old animals. These glycoproteins contained
much fucose and little sialic acid, and the ac-
cumulation of these glycoproteins was ap-
parently not associated with the fluid shifts in-
volved in edema since serum glycoproteins have
been shown to contain much sialic acid and only
small amounts of fucose (buck, unpublished).
Further, what little glycoprotein the more
edematous wound from the aged animals con-
tained was rich in sialic acid and poor in fucose.
Therefore it would appear very unlikely that in
the wounds from the young animals these glyco-
protein components could derive exclusively
from the serum.
Since most of the insoluble nitrogen found in
their soluble residue of wounds from both sets of
animals was accounted for on the basis of the
concentration of insoluble collagen remaining in
the residues, the increased amounts of insoluble
hexosamine also found in this fraction were
probably not derived from glycoproteins but
rather represented collagen bound mucopolysac-
charides. The wounds from the aged animals
contained a larger amount of these mucopoly-
saccharides than did the wounds from the younger
rats. Again, despite the increased edema of the
wounds from the old animals, the amount of
insoluble collagen lost from the site of injury
was significantly less than that lost from the
less edematous wounds of the younger animals.
Finally, the losses of collagen from the unin-
jured skin distant from, or distal to, the site of
local injury were found with the wounding of
the young animals (13), but not with injury of
the aged rats. The dermal chemistry of the aged
rat has already been shown to be refractory to
cortisol (2), and the "distant dermal collagen
response" to local croton oil produced injury
has been shown to result from either trauma or
cortisol (13). Therefore the fact that the aged
rat does not display this type of response to
local necrotic injury would seem to confirm the
suggestion that this response occurs because of
the stress produced by the trauma of croton oil
injection (13).
SUMMARY AND CONCLUSIONS
Wounds from aged rats were more edematous
than those from young animals. Despite this in-
creased degree of edema, the proportional losses
of collagen from the wound and the accumulation
of fuco-glycoprotein within the wound with time
after injury were considerably less pronounced
in the old than in the young animal. This finding
strongly suggests that neither the loss of collagen
nor the accumulation of glycoprotein with injury
derived exclusively from fluid shifts during
edema and consequent contamination of the
wound with serum glycoprotein, but rather repre-
sent major anabolic and catabolic changes
within the wound during necrosis. Whether this
lesser accumulation of glycoprotein within the
wound from the aged rat than from the young
animal was due to an increased draining of gly-
coprotein from the wound or an actual inability
of the marginal tissue to synthesis this material
is not known.
Finally, the uninjured skin of the aged rats
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did not react to local injury as did the skin of
the younger animals. Presumably this failure
of the uninjured skin from the aged animal to
respond to local necrosis is a result of the fact
that the connective tissue of the aged rat has
been shown to be refractory to stress hormones.
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